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ABSTRACT 
The Bazar Ophiolite, one of the ophiolitic units involved in the 
Variscan suture of NW Iberia, is mainly formed by metagabbroic 
high T amphibolites with N-MORB affinity. The ophiolite 
appears accreted under an arc-derived upper terrane affected 
by intermediate-P granulite fades metamorphism dated at 496-
484 Ma. U-Th-Pb geochronology and Lu-Yb-Hf isotope geo­
chemistry of zircons allow recognizing two growth stages. The 
first occurred during crystallization of the gabbroic protolith 
and has been dated at 49S ± 2 Ma, whereas the second one, 
interpreted as dating the high T metamorphism, yielded an age 
of 47S ± 2 Ma. The chronology of the Bazar Ophiolite and its 
accretionary history suggest that this unit is a relic of the 
Cambrian ocean located to the North of Gondwana, the 
lapetus-Tornquist Ocean, accreted to a dissected arc during 
or before the early stages in the opening of the Rheic Ocean. 
Introduction 
The Variscan Belt of NW Iberia 
shows an impressive section of the 
suture zone of this orogen, developed 
in Carboniferous times by the colli­
sion of Gondwana and Laurussia 
during the final event of the Pangea 
assembly (Matte, 2001; Martinez Ca­
talan et al., 2009). The suture zone 
appears transported in several allo­
chthonous complexes of which the 
Ordenes Complex has the largest size 
and includes the most varied group of 
exotic terranes (Fig. la). An arc­
derived terrane generated in Cambrian 
times in the periphery of Gondwana 
appears in the uppermost position of 
the allochthonous pile (upper units of 
NW Iberia). During a subsequent 
event, this arc rifted from the main 
continent, drifted to the North and 
was finally accreted to the southern 
margin of Laurussia (G6mez Barreiro 
et al., 2007; Diaz Garcia et al., 2010; 
Fuenlabrada et al., 2010). A first 
metamorphic event affecting the arc 
terrane, with intermediate-P features 
and dated in the range 496-482 Ma, is 
considered related to the internal 
dynamics of the peri-Gondwanan arc 
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(Abati et al., 1999, 2007), whereas a 
second high-P and high-T event dated 
at c. 400-390 Ma developed during 
the collision with Laurussia (Ordonez 
Casado et al., 2001; Fernandez-Suarez 
et al., 2007). The arc-derived terrane is 
thrust over a group of different ophio­
litic units (Fig. 1 a). The ophiolites in 
turn thrust a lower terrane with high­
P and intermediate-T metamorphism 
dated at c. 370 Ma (basal units of NW 
Iberia; Fig. la), interpreted as the 
edge of the Gondwanan margin sub­
ducted under Laurussia during the 
first stages of the collision, uplifted 
and incorporated to the allochthonous 
pile later on (Arenas et al., 1995; 
Martinez Catalan et al., 1996; Abati 
et al., 2010). 
The ophiolites outlining the Vari­
scan suture were in general formed 
inside the Rheic Ocean domain, but 
they have typical compositions of 
island-arc tholeiites (Sanchez Marti­
nez, 2009). Some of them, as the Vila 
de Cruces Ophiolite (Fig. la; Arenas 
et al., 2007), were generated in the 
first stages of the opening of this 
ocean during Middle Cambrian times, 
due to the spreading of a back-arc 
basin. However, the most common 
ophiolites along the European Vari­
scan Belt have shown ages at around 
c. 395 Ma, and their generation seems 
to be connected to the activity of an 
intra-Rheic subduction zone responsi­
ble for the main contractional event in 
this ocean. The Care6n Ophiolite is the 
most representative supra-subduction 
zone ophiolite in NW Iberia (Fig. la; 
Diaz Garcia et al., 1999; Sanchez 
Martinez et al., 2007). Nevertheless, 
there is an ophiolitic unit in the NW of 
the Iberian Massif, the Bazar Ophio­
lite (Fig. la), which shows litho logical 
constitution and tectonothermal evo­
lution distinctive and different from 
those shown by the other ophiolitic 
units. This article presents new U-Pb­
Hf and Lu-Yb-Hf zircon data from 
the metagabbroic amphibolites of the 
Bazar Ophiolite. These new data, 
together with the chemical composi­
tion of the metagabbroic rocks and 
their metamorphic evolution, are not 
compatible with the generation of this 
ophiolite within the context of the 
Rheic Ocean, but they better suggest 
an origin related to a different older 
oceanic realm. 
The Bazar Ophiolite 
The Bazar Ophiolite is located in the 
westernmost part of the Ordenes Com­
plex (Fig. la). It consists of an imbri­
cate of tectonic slices, mainly 
constituted by metagabbroic rocks 
and a minor proportion of ultramafic 
rocks at the base of the unit (Diaz 
Garcia, 1990). The main tectonic slice 
(Carballo - Bazar) is c. 4000 m thick 
and is composed of amphibolites and 
foliated metagabbros with high T foli­
ation, which evolved from an initial 
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Fig. 1 (a) Geological map and cross-section of the Ordenes Complex with location of the Bazar Ophiolite and other ophiolitic 
units involved in the Variscan suture. (b) Representative section of the Bazar Ophiolite. (c) Th-Hf-Ta diagram (Wood, 1980) with 
projection of the metagabbroic amphibolites representing the most common lithology in the ophiolite, and the mafic granulites 
constituting uncommon minor bodies within the unit. (d) Normal-mid-ocean-ridge basalts (N-MORB) normalized trace-element 
patterns (average composition); selected elements and normalized values after Pearce (1996). 
Scarce metric-sized boudins of mafIc 
granoblastic granulites appear 
preserved within the metagabbros 
(Fig. 1 b). These boudins appear 
wrapped by the high T foliation and 
their mineral associations indicate low­
to-intermediate pressure conditions 
(plagioclase + clinopyroxene + orth­
opiroxene + hornblende + ilmenite ± 
garnet ± olivine). The lower section of 
the main slice has a different litholog­
ical composition, as mentioned before, 
which consists of relatively well­
preserved gabbros and ultramafIc 
rocks, with minor leucogabbros and 
tonalites (Fig. 1 b). The granulite facies 
event is not recorded in this lower slice, 
which only shows an amphibolite facies 
metamorphism. 
The geochemical features of the 
most representative lithologies of the 
Bazar Ophiolite appeared to be quite 
complex (Sanchez Martinez, 2009). 
Regarding the common amphibolites, 
which represent the most abundant 
lithological type, they show composi­
tions equivalent to N-MORB (normal­
mid-ocean ridge basalt, Fig. 1c, d) 
pointing to a tectonic setting possibly 
related to a divergent plate margin. 
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There seems to be no evidence indicat­
ing some influence of a subduction 
zone in the generation of these gabbros 
unlike what has been registered in the 
other ophiolitic units described in NW 
Iberia (Sanchez Martinez et aI., 2009). 
However, the mafIc granulites are 
transitional between MOR (mid-ocean 
ridge) and WP (within-plate) basalts 
with normalized trace element patterns 
similar to those of T-MORB generated 
in plume ridge interactions (Pearce, 
1996). 
Results of U-Th-Pb and Lu-Vb-Hf 
isotope analyses 
From the amphibolite sample GCH-
04-3, located at the top of the main 
tectonic slice (Fig. la), 71 zircon 
grains were analysed by U-Th-Pb 
LA-ICP-MS at the Goethe University 
Frankfurt (GUF), obtaining a set of 
99 data (Fig. 2b; Table 1). Further­
more, 77 Hf isotope analyses were 
obtained in the same grains and crys­
tal domains where the U-Th-Pb anal­
yses were performed (Fig. 2d-f; 
Table 2). The analytical techniques 







isotope determination are described in 
detail by Gerdes and Zeh (2006, 2009). 
The studied sample is one of the most 
representative metabasites of nemat­
oblastic type of this mafIc unit consti­
tuted by hornblende + plagioclase + 
clinozoisite + ilmenite + titanite + 
quartz. The zircon grains were sub­
rounded and may reflect resorption of 
originally irregular and fragmented 
zircons, which are typical of mafic 
rocks. (Corfu et al., 2003). These 
resorption processes frequently occur 
in zircons of high-grade metamorphic 
rocks (Hoskin and Black, 2000). Their 
size ranges between 100 and 300 Il1l1 
and cathodoluminescence (CL) 
images were taken from all of them 
prior to their analysis to observe their 
internal structure. They show a com­
bination of sector and fine oscillatory 
zoning, features that can be consid­
ered of igneous origin, and many of 
them also display irregular over­
growths or recrystallized domains 
lacking internal structure, which 
would be developed during the gran­
ulite-facies metamorphic event under­
gone by the ophiolitic unit (Fig. 2a). 
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Fig. 2 (a) Cathodo-luminescence images of selected zircons of the Bazar amphibolite GCH-04-3, circles representing the spot size 
of U-Th-Pb analyses. (b) Concordia diagram showing the results of the U -Pb analyses, with two statistically coherent groups of 
data. (c) ThIU ratio versus apparent age diagram. (d) Initial 176Hfll77Hf versus apparent age diagram. (e) 176Yb/177Hf versus 
apparent age diagram, the different trends of each group of analyses appearing encircled. (t) EHf versus apparent age plot; the 
depleted mantle array (DM) is extrapolated from average modern-day values of mid-ocean ridge basalts (Chauvel and Blichert­
Toft, 2001), assuming a linear behaviour from EHf = 2 at 4000 Ma (Vervoort and Blichert-Toft, 1999). In all diagrams, red 
symbols = zircon cores; blue symbols = zircon overgrowths recrystallized domains. 
Table 1 Results of U-Th-Pb LA-ICP-MS analyses of zircon from the sample of Bazar amphibolite. 
Grain 
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1 1  
1 3  
1 0  
1 2  
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1 3  
1 1  
1 3  
1 2  
1 2  
1 1  
1 0  
1 0  
1 0  
1 2  
1 3  
1 2  
1 2  
1 4  
1 4  
1 0  
1 4  
1 2  
1 5  
1 2  
1 4  
1 0  
1 6  
1 6  
1 0  
1 0  
1 7  
1 0  
1 4  
1 3  
1 3  
1 1  
1 2  
1 1  
1 6  
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1 9  
1 6  
1 5  
31 
21 
1 3  
1 8  
1 3  
1 3  
1 6  
21 
1 3  
26 
1 8  
1 4  
40 
23 
1 5  
1 5  
21 
1 7  
36 
31 
1 4  
1 3  
31 
1 8  
29 
44 
1 4  
1 6  
1 5  
1 6  
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1 1 8 1 3  
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1 . 6  
3.1 
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1 7  
1 3  
1 5  
1 5  
1 3  
1 1  
1 2  
1 2  
1 2  
1 1  
1 1  
7 
8 
1 4  
9 
7 
1 0  




1 4  
1 8  
1 3  
1 6  
1 0  
1 3  
1 7  
9 
1 1  
1 5  
9 
9 
1 6  
23 
1 1  
1 0  
7 
1 2  
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Table 1 Continued. 
Grain 
1 1 8A 
1 1 8B 
1 1 9  
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1 9  
21 
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1 9  
1 0  
9 
1 3  
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1 1  
1 1  
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1 1  
1 2  
1 1  
9 
1 0  
1 0  
1 1  
1 7  
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iCorrected for background, common pb and within-run Pb/U fractionation and subsequently normalized to GJ-1 (ID-TIMS value/measured value). 207Pb/235u calculated using 207Pb/206Pb/(238U/206Pb x 1/137.88}. 
Uncertainties propagated following Gerdes and Zeh (2006, 2009). 
§Rho is the error correlation of the 206Pb/238u and 207Pb/235u errors. 
"j]Percent concordance = 206Pb/233U age/07Pb/206Pb age x 100. 















































1 6  0.00074 
1 1  0.00049 
6 0.00027 
6 0.00028 
1 1  0.00045 
1 1  0.00045 
7 0.00031 
8 0.00034 
1 4  0.00083 
1 1  0.00049 
1 3  0.00041 
1 1  0.00053 
1 2  0.00054 
7 0.00033 
9 0.00041 
1 3  0.00062 
1 4  0.00064 
1 1  0.00049 
1 7  0.00077 
1 0  0.00048 
32 0.00082 
1 2  0.00031 
1 2  0.00042 




1 3  0.00033 
1 1  0.00031 
1 4  0.00039 
1 9  0.00058 
1 6  0.00051 
8 0.00027 
1 9  0.00053 














































178Hf/177Hf 180Hf;177Hf SigHft M 
1.46717 1 .88676 6 
1.46715 1 .88670 8 
1 .46720 1.88669 6 
1.46717 1 .88681 7 
1.46715 1 .88671 7 
1.46716 1 .88656 8 
1.46715 1.88669 6 
1 .46707 1 .88656 7 
1.46719 1 .88670 6 
1 .46721 1.88663 6 
1 .46724 1 .88689 8 
1.46717 1.88662 7 
1 .46722 1 .88690 7 
1 .46727 1 .88687 7 
1 .46722 1 .88688 8 
1.46717 1 .88649 7 
1.46716 1.88667 7 
1.46713 1.88663 7 
1.46712 1 .88671 7 
1 .46707 1 .88652 6 
1 .46727 1 .88709 8 
1 .46728 1 .88697 4 
1 .46727 1.88665 4 
1 .46723 1 .88671 1 0  
1.46713 1 .88673 7 
1 .46723 1 .88679 1 1  
1 .46721 1.88668 8 
1 .46725 1 .88654 9 
1 .46721 1 .88678 9 
1 .46720 1 .88704 7 
1 .46720 1.88686 9 
1.46719 1 .88689 8 
1 .46726 1.88663 1 2  
1 .46724 1.88662 7 
1 .46722 1 .88644 8 
1 .46722 1 .88690 9 
1 .46722 1 .88651 1 3  
1 .46720 1 .88705 1 2  
1.46719 1 .88688 9 
1 .46721 1 .88653 8 
1.46719 1 .88689 8 
1 .46722 1 .88671 9 
1 .46723 1.88686 9 



































































































1 1 . 7  
13.5 
13.6 


































±20" T DM2'\1 (Ga) Age;';' (Ma) 
0.7 0.61 489 
0.6 0.56 496 
0.5 0.57 473 
0.7 0.58 486 
0.6 0.63 489 
0.5 0.57 491 
0.7 0.58 490 
0.6 0.62 426 
0.7 0.58 499 
0.6 0.56 482 
0.7 0.67 484 
0.5 0.58 496 
0.5 0.62 495 
0.5 0.60 474 
0.5 0.66 485 
0.8 0.60 478 
0.5 0.63 482 
0.6 0.63 489 
0.7 0.61 507 
0.6 0.53 514 
1 .2 0.57 493 
1 .5 0.49 482 
1 .8 0.56 460 
0.9 0.57 480 
1 .1  0.55 482 
1 .1  0.56 481 
0.9 0.58 489 
1 .1  0.56 471 
1 .0 0.61 454 
1 .0 0.62 495 
0.8 0.62 509 
1 .4 0.53 493 
0.8 0.57 473 
1 .0 0.50 502 
1 .0 0.56 501 
1 .0 0.65 506 
0.7 0.53 498 
0.9 0.67 480 
0.8 0.58 501 
0.9 0.53 504 
1 .2 0.57 502 
1 .1  0.64 502 
1 .0 0.58 512 
1 .1  0.61 500 
±20" 
1 1  
1 0  
1 2  
1 2  
1 1  
1 3  
1 2  
1 1  
1 0  
1 0  
1 0  
1 2  
1 3  
1 2  
1 2  
1 4  
1 4  
1 0  
1 2  
1 5  
1 2  
1 0  
1 6  
1 0  
1 0  
1 7  
1 0  
1 4  
1 3  
1 3  
1 1  
1 1  
1 6  
1 2  
1 7  
1 3  
1 5  
1 5  
1 3  
1 1  
1 2  
1 2  
1 2  
1 1  







































































1 9  0.00070 
1 1  0.00043 
9 0.00036 
1 6  0.00058 
1 3  0.00052 
8 0.00034 
1 1  0.00043 
33 0.00135 
1 4  0.00053 
6 0.00025 
8 0.00034 
1 8  0.00071 
1 5  0.00060 
1 5  0.00043 
5 0.00023 
1 3  0.00049 








1 3  0.00048 
1 1  0.00052 
22 0.00079 
6 0.00025 




±20" 178Hf/177Hf 180Hf/177Hf SigHft M 
1 .46725 1 .88622 1 1  
4 1 .46725 1 .88675 1 2  
3 1 .46723 1 .88649 4 
1.46719 1 .88674 5 
4 1 .46723 1 .88667 5 
3 1 .46721 1 .88660 5 
1 .46724 1 .88656 4 
3 1 .46726 1 .88661 5 
8 1 .46723 1 .88676 6 
3 1 .46720 1 .88647 6 
1 .46723 1 .88649 5 
1 .46722 1 .88693 6 
4 1 .46721 1 .88678 7 
4 1 .46727 1 .88648 6 
4 1 .46722 1 .88682 6 
1 1 .46725 1 .88675 7 
3 1 .46723 1 .88670 5 
4 1 .46721 1 .88655 6 
1 .46726 1 .88681 6 
1 .46730 1 .88687 7 
1 .46727 1 .88662 6 
4 1 .46727 1 .88680 1 0  
3 1 .46721 1 .88658 5 
5 1 .46725 1 .88640 6 
2 1.46719 1 .88679 6 
4 1 .46728 1 .88679 6 
3 1 .46727 1 .88653 5 
5 1 .46720 1 .88637 6 
2 1 .46722 1 .88670 5 
1 .46720 1 .88674 5 
1 .46728 1 .88673 5 
1 .46730 1 .88665 6 




































































































1 1 . 7  
12.9 
13.8 
±20" T OM2'\1 (Ga) Age;';' (Ma) 
1 . 1  0.55 491 
0.8 0.58 497 
1 .3  0.57 498 
1 .3  0.62 483 
0.9 0.58 498 
0.9 0.56 496 
1 .5  0.58 480 
1 .4  0.57 498 
1 . 1  0.57 498 
0.9 0.60 501 
1 .0  0.56 489 
1 . 1  0.55 504 
1 . 1  0.56 505 
1 .0  0.52 489 
1 .2  0.62 508 
0.9 0.59 469 
1 .3  0.61 506 
1 . 1  0.58 496 
1 .0  0.68 465 
1 . 1  0.64 498 
1 . 1  0.57 471 
0.9 0.63 499 
1 . 1  0.55 476 
1 . 1  0.55 497 
1 .0  0.59 477 
1 .2  0.56 492 
1 .2  0.56 473 
1 .2  0.50 485 
1 .2  0.59 464 
1 . 1  0.61 492 
0.9 0.66 474 
0.9 0.59 482 
1 .4  0.55 488 
±20" 
1 1  
7 
8 
1 4  
7 
1 0  




1 4  
1 3  
1 6  
1 0  
1 3  
1 7  
9 
1 1  
1 5  
9 
9 
1 6  
23 
1 1  
1 0  
7 
1 2  
1 0  
1 9  
1 0  
1 3  
1 3  
1 0  
17t>yb/177 Hf = (176Ybi 73 Yb}true x 173Yb/177 Hf)meas x (M1 73(yb}/M1 77(Hf)},(Hf). The 176LU/177H F were calculated in a similar way by using the 175Lu/177 Hf. Quoted uncertainties (absolute) relate to the last quoted figure. The 
effect of the inter-element fractionation on the Lu/Hf was estimated to be about 6 % or less based on analyses of the GJ-1 and Plesovice zircons. 
tMean Hf signal in volt. 
tUncertainties are quadratic additions of the within-run error and the daily reproducibility of the 40ppb-JMC475 solution. Uncertainties for the GJ-1 are 2SD. 
§lnitial 176Hf/177Hf and eHf calculated using the age determined by LA-ICP-MS dating (see last two rows). 
'\1Two-stage model age in billion years using the measured 176Lu/177Lu of each spot (first stage = age of zircon). a value of 0.01 1 3  for the average continental crust (second stage). and a depleted mantle 176Lull77Lu and 
176Hf/177Hf of 0.0384 and 0.28325. respectively (see Gerdes and Zeh. 2006 for details and references). 
**LA-ICP-MS age and error (see Table 1 for more details). 
Seventy five per cent of the acquired 
U-Pb analyses are concordant to 
subconcordant (90-105%). The result 
of projecting their 206Pb/238U and 
207Pb/235U ratios into a concordia 
diagram (Fig. 2b) is a continuous 
cluster of ages ranging from 
426 ± 11 to 515 ± 12 Ma (Middle 
Silurian to Middle Cambrian). How­
ever, when analyses corresponding to 
domains interpreted as 'cores' and to 
over growths or recrystallized domains 
are plotted separately, they constitute 
different groups of ages, despite their 
overlap to certain extent considering 
their errors. In this way, the 'cores' 
would represent an older event, giving 
a weighted average (n = 65) of 
495 ± 2 Ma (mean square of 
weighted deviates (MSWD) � 2), 
whereas the overgrowths would rep­
resent a younger event, for which the 
weighted average (n = 32) gives 
475 ± 2 Ma (MSWD � 2). It could 
be argued that the analyses do not 
represent two different events, but 
instead their spreading would result 
from analytical scattering or to a 
certain degree of Pb loss. However, 
the Lu-Yb-Hf isotope data, which will 
be stated below, support the existence 
of these two separate although tem­
porarily close events. In addition, the 
overgrowths/recrystallized domains 
have lower ThlU ratios compared 
with the cores, which are usually 
common in zircons developed during 
a metamorphic event (Fig. 2c). 
The 53 Lu-Yb-Hf analyses per­
formed in domains considered as cores 
yielded a spectrum of initial 
176Hfll77Hf ranging from 0.282808 to 
0.282898, which, although similar to 
the values obtained in the 24 analyses 
corresponding to over growths or re­
crystallized domains (from 0.282808 to 
0.282867), is somehow wider (Fig. 2d). 
Slightly variable initial 176Hfll77Hf 
ratio is a common phenomenon in 
magmatic zircons, and suggests that 
they crystallized within a short interval 
from the magma, which had a hetero­
geneous (not equilibrated) hafnium 
isotopic composition (Zeh et a!., 
2009). The difference in the Hf isotopic 
composition between older and youn­
ger zircon domains depends on three 
factors: the time span between the two 
zircon growth events, the relative pro­
portion of dissolved cores and newly 
formed over growths, and the LulHf 
ratio of the rock (Gerdes and Zeh, 
2009). The lapse of time between both 
events is too short for the radioactive 
176Lu present in the rock to decay 
generating enough radio�enic 176Hf to 
change noticeably the 1 6Hfll77Hf of 
the newly fonned zircon, and this is the 
reason why both cores and over­
growths have similar 176Hfll77Hf. In 
addition, although the zircons of this 
sample most likely developed resorp­
tion processes, the amount of Hf 
released during the dissolution of old 
zircon does not seem to be significant 
enough to modify the radiogenic Hf in 
the rock. Anyway, a noticeable fact is 
the narrower range of values in the 
analyses corresponding to over­
growths, which is usually a conse­
quence of isotope homogenization 
during high temperature metamor­
phism. Further and clearer evidence 
of the occurrence of two separate 
events is registered in the variation 
in 176Lu/177Hf, and especially in 
176Yb;I77Hf ratios, which are lower in 
the overgrowths/recrystallized do­
mains (Fig. 2e). Certain metamorphic 
mineral phases such as orthopyroxene 
and garnet have strong affinity for 
heavy rare earth elements (Yb, Lu) 
and consequently, the zircon coeval 
with these minerals will be depleted in 
these elements compared with the mag­
matic zircon (Gerdes and Zeh, 2009; 
Abati et al., 2010). Although the 
amphibolite sample here studied does 
not preserve any of these metamorphic 
minerals, they have been observed in 
the granulites, which are still preserved 
fonning part of the ophiolite. 
Initial EHf values corresponding to 
the analysed zircons vary from 11.6 
to 15.5 in the cores, and from 11.2 
to 13.8 in the overgrowths/recrystal­
lized domains. All of them lay within 
the range corresponding to the de­
pleted mantle at the age of 450-
500 Ma (Fig. 2f; Chauvel and 
Blichert-Toft, 2001; Vervoort and 
Blichert-Toft, 1999). These juvenile 
values suggest that the gabbros con­
stituting the Bazar ophiolite derive 
from a source with an isotope 
signature similar to that of the 
depleted mantle, and there was no 
crustal or older component involved 
in their generation. This is compat­
ible with the features observed in the 
whole rock geochemistry of these 
amphibolites mentioned before, and 
in this way, their EHf signature also 
supports the hypothesis, which ex-
plains their tectonic setting in con­
nection with a mid-ocean ridge. 
Discussion 
The low-to-intennediate-P granulite­
facies metamorphism that affected the 
Bazar Ophiolite differs from the Cam­
brian metamorphism described in the 
peri-Gondwanan arc, which, in its 
lowest structural levels directly above 
the ophiolite, reached c. 10 Kb (Abati 
et a!., 2003). Moreover, the metamor­
phic event affecting the Bazar Ophio­
lite is clearly younger than the 
metamorphism described so far in 
the arc-derived terrane (c. 475 Ma vs. 
496-482 Ma, respectively). On the 
basis of these facts and also consider­
ing the N-MORB composition of the 
most common mafic rocks in the 
ophiolite, it is clear that large sections 
of an oceanic lithosphere developed in 
a divergent plate margin were ac­
creted, in Early Ordovician times, 
under a dissected peri-Gondwanan 
magmatic arc. The most external con­
tinental margin can be considered the 
most probable tectonic setting for the 
building of the arc (Fuenlabrada 
et a!., 2010). During a long period 
before the underthrusting of the 
ophiolitic layers, the arc experienced 
intra-arc accretion with development 
of intermediate-P granulite facies 
metamorphism and a subsequently 
important uplift and exhumation of 
its metamorphic belts. The regional 
foliation present in large regions of the 
uppermost units of the Ordenes Com­
plex has Cambrian age and it is 
preserved relatively intact and with 
little Variscan reworking (Abati et a!., 
1999, 2007; Diaz Garcia et al., 2010). 
The origin of the granulitic metamor­
phism affecting the accreted ophiolite 
is not clear, but it could be explained 
both by overheating associated with 
the lowest levels of the arc and by the 
subduction of a section of the oceanic 
ridge and the opening of an astheno­
spheric window. 
The Rheic Ocean opened in the 
Early Ordovician times with the sep­
aration of Avalonia and other arc 
terranes from the con tinen tal margin 
of Gondwana (Murphy et al., 2010; 
Nance et a!., 2010). The accretionary 
history of the Bazar Ophiolite is not 
compatible with a context of a fast­
spreading ocean, as it seems to have 
been the Rheic, whose plate velocity 
N 
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Fig. 3 Cartoon showing a palaeogeographical reconstruction and two plate sections around the Cambrian Ordovician boundary. 
Largely based on Winchester et al. (2002), Arenas er al. (2007), Gomez Barreiro et al. (2007) and Martinez Catalan er al. (2009). 
A large magmatic arc system was a prominent feature along the continental margin of Gondwana, later rifted generating several 
peri-Gondwanan terranes as Avalonia and the dissected arc represented by the upper units of NW Iberia. Underthrusting of the 
lapetus Tornquist oceanic crust to the arc system allows preservation of ophiolitic units generated within the realm of this large 
ocean, as it is the case of the Bazar Ophiolite. The rifting of Avalonian and other minor terranes and the spreading of back-arc 
basins caused the opening of the Palaeozoic Rheic Ocean. This ocean was progressively wider as the peli-Gondwanan terranes 
drifted to the North. 
has been estimated in 8-10 CID yr-1 
(Nance et aI., 2010). Therefore, the 
generation of the oceanic crust repre­
sented in the Bazar Ophiolite was not 
possible within the realm of the Rheic 
Ocean, and may be better considered 
as a remnant of the Cambrian peri­
Gondwanan ocean (protolith age of 
the malic rocks � 495 ± 2 Ma), the 
Iapetus-Tornquist ocean (Fig. 3). The 
accretion of the ophiolite occurred 
during the activity of a subduction 
zone dipping [Owards Gondwana, but 
specific details of this accretion in 
relation to the opening of the Rheic 
Ocean are unclear. In this way, the 
oceanic crust could have been accreted 
under the arc system before the incep­
tion of the opening of the Rheic 
Ocean, but it could also have been 
underthrusted [0 the leading edge of a 
section of the arc previously rifted 
from the continent, during the con­
temporary opening of a back-arc 
basin. The subsequent spreading of 
this back-arc led to the existence of 
the Rheic Ocean. In any case, the 
Bazar Ophiolite represents an original 
terrane in the context of the Variscan 
Belt, the only relic of the peri-Gon-
dwanan ocean previous to the opening 
of the Rheic described so far. 
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